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Objectives . The purpose of this struty was to test observations
that might aid prenatal prediction of the presence of coarctation of
the aorta in newborn infants pith and without other forms of
heart disease.
Background. Previous reports have suggested that abnormal
growth of the aortic arch in utero may be identifiable as a marker
for the diagnosis of coiretation .
Methods. We reviewed the
prenatal
echocardiograms and
postnatal outcome of 20 infants (gestational age at initial study 18
to 36 weeks) with coarcifition of the aorta established postnatally,
to identify echocardiographic findings that would most facilitate
the prenatal diagnosis of coaretation . Associated cardiac lesions
included double-inlet left ventricle anatomy (n = 5), double-outlet
right ventricle (n = 4), abnormal aortic valve (n = 5), unbalanced
atrioventricular canal (n = 3), and membranous ventricular
septal defect (n = 1) . Chromosomal abnormalities included XO
karyotype (n = 1), trisotny 18 (n = 1), and trisoiny 21 (n = 1) .
Results . Hypoplasia determined by measurement of the distal
aortic arch was the most frequently observed finding among the
The antenatal detection of coarctation of the aorta was first
described within large series (l-4) focused on the prenatal
diagnosis of many forms of cardiovascular malformation . In
these earlier studies, investigators relied on the two-
dimensional echocardiographic appearance of the arch at the
area of distal aortic arch hypoplasia and defining the contra-
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fetuses with cOarctatlOn- Ifi 12
of 15 fetuses with a well visualized
transverse arch at initial prenatal study, the diameter of the
transverse arch was 3rd percentile for gestational age as com-
pared with that in n normal group of fetuses . Ten of 10 fetuses
with adequate images of the isthmus had isthmus hypoplasia at
prenatal study with a diameter 53rd percentile for gestational
age. On serial study in six of seven, including three fetuses with
normal distal arch measurements at initial study, the distal arch
became progressively more hypoplastic for gestational age . In
three there was no growth of the transverse arch or isthmus on
serial study, and in three there was reversal of flow from
antegrade to retrograde through the distal arch .
Conclusions . In our study, quantitative hypoplasia of the
isthmus and transverse arch was the most consistent observation
and therefore the most definitive antenatal sign of postnatal
coaretation . The potential for progression of distal arch hypopla-
sia necessitates serial study in fetuses with associated cardiac and
noncardiac lesions.
(J Am Cog Cardiol 1994,23,417-23)
ductal shelf . Others (5P identified associated cardiac find-
ings that would prompt a more thorough search for coarcta-
tion-including discrepancy in ventricular size, with a larger
diameter of the right than of the left ventricle, and discrep-
ancy in great artery size, with a larger pulmonary artery than
aorta. By spectral Doppler echocardiography, increased
tricuspid valve flow velocities and decreased aortic flow
were other in utero findings associated with coarctation (6) .
However, these latter findings were only indirect observa-
tions and were not specific for coarctation of the aorta
although they were consistent with present theories of
evolution of the lesion . We (7) more recently demonstrated
in 5 fetuses with coarctation significantly smaller distal arch
diameters than those obtained in 92 normal fetuses of
comparable gestational age, and we suggested that measure-
ments of the arch would permit detection of coarctation in
utero if the findings were associated with distal arch
hypoplasiaa as was found in all five cases .
Despite the available published information, coarctation
of the aorta remains a challenging lesion to detect in utero
.
As such, the purpose of our collaborative study was to
expand on our previous observations to identify echocardio-
0735-1097/94/$7 .00
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graphic findings that would most facilitate the prenatal
diagnosis of coarctation of the aorta on the basis of the
combined experience of three large fetal echocardiographic
referral centers .
Medals
Fetal cam. We reviewed the prenatal echocardiograms
of 20 fetuses with a diagnosis of coarctation established
postnatally . The gestational age of the fetuses at the time of
the initial study ranged from 18 to 36 weeks (mean 26) by
biparietal diameter and femur length . Referral was made for
an abnormal four-chamber view in 13 cases, maternal diabe-
tes in 3, abnormal karyotype in 3 and a family history of
congenital heart disease in 1 ; short limbs were detected on
sonography in 1 . Postnatal confirmation of the diagnosis of
coarctation was obtained for all cases by a thorough postna-
tal Doppler echocardiographic examination, and for most at
cardiac catheterization and surgery . The present series in-
cludes our five previously reported cases (7) ; however, our
previous publication had no information about ventricular
and great artery diameters and ratios of these diameters,
which are included in the present study for all subjects .
Eclwardlographic examinations. The fetal echocardio-
graphic examinations had been performed with a 3 .5- or
5-MHz transducer on an Acuson 128 . Toshiba, Hewlett-
Packard or Advanced Technologies Laboratory Ultra-Mark
8 or 9 ultrasound instrument . For all fetal echocardiographic
examinations, the aortic arch was imaged in the long-axis
view with visualization of the ascending aorta, the trans-
verse arch, the isthmus and the descending aorta distal to the
ductus in a single plane whenever possible. Complete
echocardiographic studies had been performed with imaging
of the two-dimensional cardiac anatomy and pulsed or
continuous wave Doppler interrogation, from which associ-
ated cardiac lesions were delineated and measurements of
the ventricles (in long- and short-axis views) and great
arteries were obtained whenever possible . Serial antenatal
studies were available for review in I I of the 20 cases .
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Figure 1 . Normal fetal aortic arch with clear delinea-
tion of all segments and the innominate (INNOM A .)
left carotid (LCA) and left subclavian (LSA) arteries .
The innominate vein (INNOM V .) overlaps the image
plane .
Measurements . Measurements of the arch were obtained
from review of video recordings or still frame images pro-
duced at the time of the fetal study . The measurements made
in the affected fetuses, including maximal left and right
ventricular diameters in an apical four-chamber view Oust
below the atrioventricular [AV] valve annuli), and maximal
main pulmonary artery and ascending aorta diameters were
compared with similar measurements previously made in 50
normal fetuses (8) . The internal diameter of the aortic arch
was measured in each fetus at the following segments :
proximal to the right brachiocephalic artery, between the left
common carotid artery and the left subclavian artery (des-
ignated the transverse aortic arch), between the left sub-
clavian artery and the site of ductal insertion into the aorta
(designated the isthmus), and the proximal descending aorta
distal to the ductus arteriosus insertion . The aortic arch
segment measurements were then compared with measure-
ments made previously in 92 fetuses (gestational age 16 to 38
weeks) without heart disease (Fig . 1) (7) .
Statistics . Statistical differences between normal mea-
surements from our previous series of studies of ventricular
and great artery dimensions were determined by Student t
test or Mann-Whitney rank sum analysis, or both . Data for
measurements on individual fetuses were plotted against
percentiles according to gestational age for aortic arch growth .
Results
Of the 20 cases of coarctation, 18 were correctly diag-
nosed in utero, the other 2 were missed prospectively on
prenatal examination . In one of these two cases, the lesion
was missed even though the referral for study had been for a
known XO karyotype that prompted a thorough search for
coarctation. In the other, coarctation was highly suspected
with a significantly larger right than left ventricle, but the
distal aortic arch consistently appeared normal . By day 5 of
age, this latter infant had become progressively acidotic and
developed severe heart failure and was subsequently found
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Figure 2 . Fetal coarclation (COARCT) of the aorta (AO) with
tapering of the transverse -arch and isthmie hypopia : :ia between the
left carotid and subclavian arteries . the latter of which arises directly
from the narrowed segment just to the left of the letter "C" in
COARCT.
to have a discrete thoracic coarctation distal to the entrance
of the duct us arteriosus .
Associated cardiac and noncardiae lesions. Associated
cardiac lesions found in the fetuses with coarctation included
an abnormal aortic valve that was bicuspid in two cases and
stenotic in three (with mitral stenosis in one) . There were
three fetuses with an unbalanced AV canal resulting in some
degree of left ventricular hypoplasia . One fetus had a large
membranous ventricular septal defect . Four had a double-
outlet right ventricle and five had a single ventricle . All nine
of these fetuses with more complex intracardiac anatomy
had aortic outflow obstruction, often with malalignment of
the infundibular septum, and in each the ascending aorta
diameter was consistently smaller than the diameter of the
pulmonary artery . One fetus had situs inversus totalis with
levocardia and no intracardiac defect . Only one fetus with
normal visceral sites had coarctation as an isolated lesion .
Chromosomal abnormalities included a single case of Turn-
er's syndrome and one each of trisomy 18 and trisomy 21
Figure 2, an echocardiogram obtained in one fetus with
coarctation demonstrates the typical finding in neonatal or
infantile coarctation of tubular hypoplasia of the distal aortic
arch. No contraductal shelf was visible by echocardio-
graphic imaging antenatally .
Features associated with coarctation . On review of the
available echocardiographic images, we identified four fea-
tures that were found at the initial prenatal examination in
many of the cases . First, we found a discrepancy in ventric-
ular size, with a right to left ventricular diameter ratio >2 SD
above the normal ratio (8) in 8 of the 14 fetuses with two
ventricles. The mean (± SD) right to left ventricular diame-
ter ratio measured in the affected fetuses was 1 .69 ± 0 .16
versus 1 .19 + 0.08 in the normal fetuses (Fig . 3). In 12
fetuses with well visualized great arteries, the aorta was
significantly smaller than the pulmonary artery, with a ratio
of pulmonary artery to ascending aorta diameter >2 SD
above the normal ratio (mean ratio 1 .61 + 0.35 in the fetuses
with coarctation vs . 1 .18 + 0.06 in normal fetuses [8]) . There
was a statistically significant difference between the right to
left ventricular diameter ratios and the pulmonary artery to
ascending aorta diameter ratios for the fetuses with coarcta-
tion versus the normal fetuses when compared by Mann-
Whitney rank sum analysis (p = 0 .02 and 0.0001, respectively) .
Although a contraductal shelf was visualized in only six
of the affected cases, the most commonly identified finding in
the fetuses with coarctation of the aorta at the initial prenatal
study was the presence of hypoplasia of the distal aortic
arch . 111 15 of 20 cases, the images of the arch provided
adequate resolution such that the diameters of two or more
segments of the arch could be measured retrospectively for
comparison with the available normal data .
Figure 4 shows measurements of the aortic arch segments
from the echocardiograms of the 20 fetuses with coarctation
superimposed on growth curves established for 92 normal
fetuses (7) . In 15 of 18 fetuses with an adequately visualized
aorta, the ascending aorta diameter was 3rd percentile for
gestational age. The transverse aortic arch diameter, mea-
sured in 15 fetuses, was s3rd percentile in 12 affected
fetuses. In 10 of 10 fetuses with coarctation with an ade-
quately imaged isthmus, the measured diameter was !53rd
percentile for gestational age compared with that in the
normal fetuses . The diameter of the isthmus in 9 of 10 fetuses
with coarctation was :55th percentile compared with mea-
surements made in 69 normal fetuses described more re-
cently by Tan et al . (9) .
On serial study at a mean age of 34 weeks' gestation,
Figure 3 . Mean ratios of the right ventricle (RV) to left ventricle
(LV) diameter and the pulmonary artery (PA) to aorta (AO) diam-
eter in the fetuses with coarctation and in normal fetuses without
heart disease (normal data from Sahn et al . 181) . The groups were
compared by Mann-Whitney rank sum analysis .
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seven of eight fetuses had a hypoplastic transverse arch
diameter that was 5th percentile for gestational age, includ-
ing three fetuses with normal or near normal measurements
of the transverse arch obtained from an earlier antenatal
study. Six of seven fetuses studied serially had progression
in the severity of distal arch hypoplasia relative to normal
measurements of the transverse arch and isthmus for gesta-
tional age . In two cases, there was no growth of the
transverse arch by serial study, and in one the isthmus failed
to grow. In three, by color flow mapping, there was reversal
of flow from antegrade to retrograde in the pre-ductal
isthmus later in gestation .
On retrospective review of the fetal study in which the
fetus was known to have an XO karyotype, the transverse
arch and isthmus diameter measurements were <2 SD of
measurements in normal fetuses without heart disease . In
this case, there was more gradual tapering of the arch
without a visible contraductal shelf .
Ratios of the transverse arch, aortic isthmus and descend-
ing aorta diameters to the ascending aorta diameter for the
fetuses with coarctation versus those in the normal fetuses
(measured from the earliest antenatal study in which the arch
* NORMAL
n COARCT (1ST STUDY)
* COARCT (2ND STUDY)
0®
n ®
E.G.A. (weeks)
Figure 4. Plots of ascending aorta diameter ( ASC. AO) (A), transverse aortic
diameter (TRANSV. AM (B) and isthmus diameter (C) versus estimated
gestational age (E.G.A) from normal fetuses, with line of best fit and the 3rd
and 97th percentiles (from Hornberger et al . [7]) . Superimposed on the graphs
are the measurements obtained from the 20 fetuses with coarctation
(COARCT) . For the transverse arch and isthmus, measurements from the
initial (0) or follow-up (*) antenatal studies, or both, are shown .
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was well visualized) are shown in Figure 5 . By Mann-
Whitney rank sum analysis, the ratios of the transverse aorta
and isthmus to the ascending aorta diameter were signifi-
cantly less in the fetuses with coarctation than in the normal
fetuses despite the presence of a small ascending aorta in
many, suggesting that the distal arch was relatively smaller
than the ascending aorta for gestational age . The descending
aorta to ascending aorta diameter ratio for the affected
fetuses was significantly larger than the ratio observed in the
normal fetuses, probably secondary to the presence of a
small ascending aorta and perhaps some degree of post-
stenotic dilation in the affected group. The fourth ratio
calculated was that of the left common carotid artery diam-
eter versus the transverse aortic arch, which was available in
only seven cases . In 1986, Lappen et al . (10) and Morrow et
al. (11) had found this ratio to be significantly greater in
newborns with coarctation than in normal newborn control
subjects secondary to the presence of distal arch hypoplasia
with normal left common carotid diameter measurements . It
was suggested that this ratio could be used to detect distal
arch hypoplasia in neonatal coarctation by echocardiogra-
phy and angiography . The mean (± SD) ratio of the left
JACC Vol
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FETAL AORTIC
ARCH RATIOS
COARCTNUON VS NORMAL
Figure S. Mean ratios of the transverse aortic arch (TA), isthnius
(1S) and descending aorta (D) to ascending aorta (AA) and the ratio
of the left common carotid artery diameter (CA) to the transverse
aortic arch for the fetuses with coarctation versus a group of normal
fetuses. (normal values from Hornberger et al . [7]) . The groups were
compared by Mann-Whitney rank sum analysis .
common carotid artery diameter to the transverse arch for
the affected fetuses in our series was 0.78 + 0.13 versus
0.47 + 0.07 in the normal fetuses, a comparison that was
statistically different .
Discussion
Prenatal diagnosis of coarctation of the aorta . Coarctation
of the aorta is present in 9% of infants and children with
congenital heart disease . Furthermore, when it occurs as the
primary defect, coarctation is the fifth most common cardiac
lesion aid accounts for 7 .5% of critically ill infants with
cardiac lesions (12) . In the presence or absence of additional
intracardiac abnormalides, aortic coarctation in early in-
fancy can be a life-threatening defect when it occurs in
association with acidosis and severe congestive heart failure .
Early diagnosis with appropriate medical and surgical inter-
vention in these patients is important . The ability to prena-
,ally detect coarctation, therefore, should reduce the mor-
bidity and mortality associated with more severe coarctation
in the young infant. In the present collaborative study, we
have shown that the in utero diagnosis of aortic coarctation
is possible and is best facilitated by the observation of
quantitative distal aortic arch hypoplasia, in addition to the
presence of associated cardiac and noncardiac abnormalities
and a ventricular and great artery size discrepancy .
Aortic arch growth in coarclation as seen in the fetus and
newborn. Distal arch hypoplasia involving solely the isth-
mus or both the isthmus and transverse arch is frequently
identified in young infants with coarctation of the aorta
(11,13-16) . Although distal arch hypoplasia is more com-
HORNBERGER FT AL
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molly observed in the presence of additional significant
intracardiac disease (13 ?16,17), Morrow et al. (11) found it to
be a consistent feature in 14 of 14 newborns with isolated
coarctation . Quantitative distal arch hypoplasia was the
most consistent finding on retrospective review of prenatal
echocardiograms in our series c" fetuses with postnatally
confirmed aortic coarctation . I fi., was particularly true for
fetuses studied initially later in gestation or on follow-up
studies. Hypoplasia of the transverse arch and the isthmus
was present at the initial study in 90% (12 of 15) and 100% (10
of 10), respectively, of fetuses with coarctation that had
adequate images of the distal arch . A hypoplastic ascending
aorta was also a common observation in these fetuses . The
high incidence of complex intracardiac lesions in our series
of fetuses might suggest that cases of isolated (.oarctation
with distal arch hypoplasia may have been missed or not
referred for prenatal examination .
Because arterial growth is ..fought to be related to blood
flow (17,18), it has been hypothesized that distal arch
hypoplasia occurs secondary to decreased aortic blood flow
relative to flow through the pulmonary artery and ductus
arteriosus in utero (17,19) . In the normal fetus and newborn,
there is gradual tapering of the arch, with the smallest
diameter of the arch present at the isthmus (7,20,21) . Ex-
trapolating data from fetal lamb studies, the smaller size of
the isthmus can be explained because it is the segment of the
arch through which the least amount (!s25%) of the com-
bined cardiac output traverses (17) . Alteration in blood flow
such that the aorta receives less flow relative to the pulmo-
nary artery and ductus arteriosus may result in further
reduction in flow through the isthmus and increased tapering
of the arch as is observed in aortic coarctation . Diminished
left ventricular size, as observed in 57% of fetuses with
two-ventricle anatomy in the present series, or diminished
left ventricular function has been postulated to lead to a
reduction in left ventricular stroke volume . This would
subsequently reduce the amount of blood flow traversing the
isthmus, again resulting in distal arch hypo;lasia (5) . Given
their association with coarctation, the presence of a small
left ventricle and a discrepancy in great artery size with a
smaller aorta than pulmonary artery, in addition to the
presence of left ventricular inflow or outflow obstruction, or
ventricular septal defect, should warrant a full evaluation of
the aortic arch in utero and postnatal follow-up .
Use of our normal fetal aortic arch growth curves previ-
ously developed from echocardiographic images (7) should
permit detection of distal arch hypoplasia prospectively and
therefore aid in the prenatal diagnosis of coarctation . Partic-
ular attention to this area of the ultrasound examination in
fetuses suspected of having coarctation may improve the
sensitivity for defining this lesion prenatally . Comparison of
aortic arch measurements in fetuses at risk for coarctation
with normal data should reduce the number of false positive
diagnoses when there is more exaggerated tapering of the
arch in the normal fetus and should aid in identifying milder
cases of arch hypoplasia .
422
	
HORNBERGER ET AL .
PRENATAL DIAGNOSIS OF COARCTATION
Tubular hypoplasia may occur as an isolated arch lesion
without a contraductal shelf (13,17) . When there is some
degree of distal arch hypoplasia without obstruction on color
flow mapping and spectral Doppler echocardiography or a
visible contraductal shelf on prenatal echocardiography, it
may be difficult to predict which fetus will develop coarcta-
tion with significant distal arch obstruction so as to have a
ductus-dependent lesion in the newborn period . Indeed,
because of equal pressure in the aorta and pulmonary artery
in the fetus, the likelihood of detecting any velocity increase
seems unlikely . We suggest that coarctation should be
suspected when distal arch hypoplasia is present, necessi-
tating serial study and postnatal follow-up of the affected
fetus .
Patho1logy of the coarctalion site and the mechanism of
formation of coarciation . We found a contraductal shelf, the
primary anatomic pathologic feature in coarclation originally
defined by Edwards et al . (22), to be the least frequent
finding on prenatal examination in our fetuses with coarcta-
tion. In 1971, NO% (23) described this pathologic feature
as an enfolded obstructive curtain in the posterior wall of the
aorta, which could represent a branch point in the aorta,
resulting from increased pulmonary artery and therefore
ductal flow relative to aortic flow in utero . Rudolph et al. (17)
described the structure as an exaggeration of a normal slight
indentation in the posterior aortic wall from abnormal ductal
flow diverted toward the posterior wall of the aorta . Others
(14,16,24) noted the shelf to have histologic characteristics
of ductal tissue and identified it microscopically in the
presence of distal arch hypoplasia, even when not grossly
visible . Because of the general state of relaxation of ductal
musculature or the influence of prostaglandins . this shelf of
tissue might not be apparent in the fetus . A fine contraductal
shelf, if present, may also be difficult to resolve in utero ;
however, when the ductus becomes more restrictive post-
natally, the shelf may be more prominent and localized
obstruction of the distal arch may occur (17,24-27) . The
absence of a contraductal shelf in utero by two-dimensional
echocardiographic imaging, especially in the presence of
distal arch hypoplasia does not, therefore, preclude the
presence of coarctation .
ImPertaw of serb] study. Serial studies available for a
limited number of the fetuses in this retrospective review
suggest that aortic coarctation can be a progressive lesion in
utero, with a relative worsening of the degree of distal arch
hypoplasia in later gestation . This evolution perhaps occurs
secondary to a progressive reduction in the amount of blood
flow traversing the isthmus through gestation, may be re-
lated to an increasing severity of aortic outflow obstruction
or inadequate growth of the left ventricle or, if growth of this
region were to become dependent on retrograde flow,
it
could additionally be affected by progressive muscular con-
striction of the ductus in later gestation . Because of the
potential for slower growth of the distal arch with resultant
more severe hypoplasia later in gestation, normal early
aortic arch measurements in the presence of lesions fre-
quently associated with coarctation may not be entirely
reassuring. As such, serial study should be considered in
fetuses with associated noncardiac abnormalities (for exam-
ple, XO karyotype) and in the presence of intracardiac
abnormalities that would reduce aortic flow, including the
presence of mild ventricular and great artery size discrep-
ancy.
Conclusions. The most consistent and therefore definitive
feature establishing the diagnosis of coarctation of the aorta
in utero is the presence of quantitative tubular distal arch
hypoplasia in comparison with measurements made in fe-
tuses without heart disease . The presence of associated
noncardiac and cardiac abnormalities, including ventricular
and great artery size discrepancy, warrant antenatal
echocardiographic evaluation of the distal aortic arch . Sub-
sequent serial study with postnatal follow-up should be
performed, given the potential for progression or develop-
ment of distal aortic arch hypoplasia and postnatal coarcta-
tion of the aorta .
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